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THE IONIZING POTENTIAL OF AN X-RAY TUBE .*
BY
E. C. DREW, M.S.,
Fellow in Physics, University of Pennsylvania .
THE following is a brief account of a research undertaken by
the writer to obtain further information regarding the ionizing
potential of an X-ray tube .
For a long time various German and American authorities
have been asserting that the ionization potential of a Rbntgen
tube was higher than the running potential ; or, in other words,
that it takes a much higher voltage to break down the gap between
the electrodes, so to speak, and start the ionizing currents flowing
than it does to maintain this flow, once started . As to the real
basis for this belief very little information can be found . Tt
seems, in many respects, to be another case of ` Newton said it
is so, and so it must be ."
To quote from several sources, we find that " Once the path
is rendered conducting, the flow through the tube is accomplished
more easily. The resistance of the tube falls off and the drop
across the tube decreases . A current now flows through the tube
on account of the diminished resistance, until finally the voltage
has decreased so much that the flow stops " (Dessauer 1 ) . " The
flow of current-after the breaking down of the tube-does not
cease even if the voltage drops considerably below the break-
down potential . If one excites a R6ntgen tube with an alternating
current, the flow of current does not start at the same instant
that the potential passes through zero value, but delays in starting
until the attainment of the break-down potential . The current
starts as soon as this point is reached . and also continues after the
voltage has fallen below it " (Fiirstenau 2) . " Finally, the cur-
rent falls again rather suddenly and apparently at the same time
as the potential until the slowly-decreasing voltage of the trans-
former is no longer sufficient to pierce the tube vacuum . The
value of this potential, however, is considerably less than that
* Communicated by Mr. H. Clyde Snook .
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which was necessary for the original breaking down of the tube
resistance. For the resistance of the tube vacuum always falls
to a quite noticeable extent during the stream passage, in conse-
quence of the ionizing action of the current itself " (Albers-
Shonberg a) . " In the case of the X-ray tube, as the break-down
voltage is higher than the running voltage, it is doubtful what
precisely either voltmeter or spark gap affords " (Kaye') . " In
the ordinary tube (gas tube) the break-down voltage is much
higher than the running voltage" (Coolidge 3) . " No focus
tube has. so far been found which will maintain a greater unfluc-
tuating voltage than ioo,ooo volts, although many tubes need a
greater voltage than this to get them to light tip" (Cabot') .
Many other similar statements can be found in articles and
works of recent date, but the above are sufficient to point out
the prevailing impression among those who have contributed
some of the most valuable information in the field of rontgenology .
It was the opinion of the writer that an experimental investi-
gation of the point would be interesting and might prove to be
very much worth while . Although the work has not been carried
to completion, it was thought desirable to publish the preliminary
work, to which additions will be made in the near future .
In making_ a choice of methods, the sine wave form of the
present type of high-tension machines generally used for tube
excitation and the loop oscillograph seemed to lend themselves
well to the work in view . A schematic diagram (Fig . i), given
herewith, shows the arrangement of the principal features of the
apparatus .
The transformer and rectifying switch were of the Snook
type, consisting of an inverted rotary directly connected to the
mechanical switch. The oscillograph was of the General Electric
type and contained three loops, carefully selected for sensitiveness
and properly damped to just prevent overshooting at sudden
changes of conditions . One of these loops (Ii ) is placed directly
in the secondary circuit between the high-tension terminals (T T')
and in series with the tube and milliammeter . Its function, as
suggested, is to register the wave form of the secondary current .
In series with the primary of the transformer is inserted a short
piece of nichrome wire which serves as a shunt to the loop (I n) .
This shunt and loop together constitute the recording device for
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the primary current . A third loop (E r) in series with a non-
inductive resistance is placed directly across the primary winding
alone. This indicates the curve form of the primary electromotive
force and incidentally to a reduced scale (depending on the ratio
of transformation) the potential across the secondary terminals
at the same time .*
For purposes of calibration, a source of direct current may
be applied through the control and primary of the transformer .
This will produce a constant deflection in two of the loop systems
(In and Ep), which can be shown directly on the film
. By an
auxiliary circuit of cells and resistance the third loop (Ix) may
he similarly calibrated (see Figs . r and 7) .
*That this is possible is apparent when we note that the reactance of
the secondary circuit is practically negligible, there being only the self-induction
and capacity of the tube, milliammeter, oscillograph loop, and straight con-
necting leads, with a ground connection between the tube and loop.
The ground connection is necessary for protection on account of insuffi-
cient insulation, and, in the opinion of the writer, is justifiable . Both Snook'
and Duddell` used a ground in their work with the induction coil, and,
although criticised by Wertheimer,' the latter's criticisms are not valid in
the present instance . For :
r . The loops used have a free period of less than r/5ooo second, which
would seem to be adequate when we consider that the speed of the rotary is
only 30 revolutions per second. In the curves shown here the time taken for
a half wave is Vim second .
z, The secondary potential is measured by an indirect method, which
is not open to the objections raised in a direct method (viz., same current
through the loop as through the main circuit) .
3 . The loops used are sufficiently sensitive for the currents involved .
q. To the writer's knowledge, no evidence has ever been given of errors
introduced by making a point of zero potential in a closed circuit of this kind .
At any rate, it is a question of doing this or something else perhaps equally
objectionable . -
Bown,t0 in a recent article on the wave form of currents in a Coolidge
tube, adopted the scheme of inserting a small current transformer in the
secondary circuit and in series with the tube. He claimed thereby an advantage
of obtaining large-sized deflections for small-sized currents . Both Snook"
and Salomonson." by means of an oscillograph, have shown the oscillations
which occur in the primary and secondary of a transformer or coil, and
they explained them as functions of the capacity and self-induction of both
circuits, together with the kind of a load on the secondary, The writer's
experience with the oscillograph leads him to believe that the oscillations
which follow the main impulses of the inductor in Bown's curves are probably
due to the effects introduced by the use of the current transformer .
700 E. C
. DREW
.
The tubes used were of standard commercial types, which
may be divided into three classes :
r . The old type of gas tube, with the chemical regulator intro-
ducing a more or less complex gas .
2 .
The new hydrogen tube, with an osmosis regulator which
admits only pure hydrogen .
3. The electron tube, which depends on a hot cathode to supply
the electrons of the cathode stream .
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Schematic diagram of apparatus .
The hydrogen tube has been used to a far greater extent in
the preliminary work because of its great flexibility, which enables
the operator to control the vacuum in either direction, up or down .
Oscillograms were taken as indicated, some of which are
discussed herewith .
If the secondary of the machine is left open-circuited and only
the corona effect allowed between the terminals, the milliammeter
will read practically zero and the primary electromotive force will
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be nearly sinusoidal in form . The primary current will be that
necessary to produce the magnetization in the transformer iron,
to charge the high-tension switch and secondary terminals electro-
statically, and to furnish the current represented in the energy
of the corona . This condition of affairs is shown in Fig . 2 .
if we leave all the controls as above and insert an X-ray
tube between the two terminals, the wave forms will be modified
(see Fig . 3) . The top curve is the current through the tube,
a rectified sine wave in form . The current curve in the primary
FIGS . 2
ratio 3 .
has changed its phase relation slightly, and the amplitude has been
increased to correspond with the production of current in the
secondary. The potential (either primary or secondary, as stated
above) still starts from zero along the sine path, but as soon as
the potential has risen to a value where the gas begins to ionize,
it remains practically constant until the mechanical switch is
opened, Question : If, as is claimed by so nianr, the ionization
potential is so very
much
greater than the running potential, why
should there not be a high peak in this carte at the beginning of
the half cycle
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The conditions in Fig- 4 are similar to those in Fig- 3 . except
that the controls have been adjusted to allow more current to pass
through the tube . The voltmeter reading in this case was 107
and the milliammeter reading was 32 .
The small oscillations shown in the potential and secondary
current curves are due to the air gaps at the ends of the revolving
arms in the rectifying switch . To eliminate these and obtain
smooth curves, small wire brushes were soldered on the ends
of the arms . These made a rubbing contact with the metallic
Ftcs . 4 AND 5 .
arcs of the switch and produced results shown in Fig . 5 . Here
the meter reading of the current through the tube was 40 milli-
atnperes . The integrated value of the volts drop across the
tube was about 83,300 volts, with a maximum value about 20
per cent. greater . Both the current and potential curves are much
smoother than in the preceding fig -tires, but there are apparent
differences in the separate half cycles and there are teeth at both
the beginning and end of the flow of current, (The meaning
of these teeth will be discussed at a later date .) However, even
this condition of affairs was not stable, since the brushes were bent
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back by the centrifugal force, and in some cases either cut or
broken off by contact with the sharp edge of the metallic arcs .
The next step was to make the air gaps a minimum without
necessarily making absolute contact at all times . With this
arrangement an exposure is made (Fig. 6a) and the reading of
the milliamrneter very carefully noted . The oscillations are rather
more prominent than in Fig_ 5, but the wave forms were con-
sidered sufficiently good for first approximations . These curves
portray what takes place in a hydrogen
tube
when backing up a
FIGS. 6 A AND 6 B .
33-inch parallel spark at to milliamperes and carrying 36 ruilli-
amperes at the instant of exposure. The upper curve is still the
current passing through the tube. The ordinates of the potential
curve, however, are not the potentials just sufficient to overcome
the tube resistance, but include, in addition, the potential required
to break down the little spark gaps in the mechanical switch .
Now, having noted with care the number of milliantperes
flowing in the secondary, the secondary terminals were short-
circuited directly through the oscillograph loop and milliam-
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meter without the tube . The rheostat in the primary circuit was
then adjusted to permit the same current to flow through the
loop (36 milliamperes) that was flowing through the loop and
tube, but without changing any of the other controls at the oscillo-
graph . The potential curve (bottom of Fig . 6b) this time repre-
sents only the drop across the spark-gap resistance, and it is
thus a question of subtracting these ordinates from the correspond-
ing ones above to obtain data which will enable us to plot a curve
representing the potential just sufficient to keep the gas of the tube
Piss . ; A AND fief .
in an ionized condition, The current curves corresponding,
although of slightly different shape, still have approximately the
same integrated values as in Fig . 6a .
Figs . ja and qb are similar to Figs . 6a and 6b, except that a
M. & W. tube (representative of the ordinary gas tube with
chemical regulator) was used . This tube was backing up a 3%-
inch parallel spark at
.5
milliamperes and carried a current of
28 milliamperes at the instant of exposure .
Fig. 8 contains the plots indicated in Fig . 6 . Similarly, Fig
. 9
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shows the plotted curves for conditions indicated in Fig
. 7 .
Also in Fig. to plots have been made for another hydrogen tube .
The corresponding oscillograms are not reproduced, but the tnbe
backed tip a parallel spark of 3 ,
inches at 6 milliamperes and
carried 18 milliamperes at the instant of exposure .
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A glance at these curves and plots offers some interesting
suggestions .
i . The oscillograms point to the X-ray tube as a constant
potential device which tends to maintain a constant drop across it .
2 . The approach of the potential-current plots of Figs. 8, g,
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and io to a half loop of the ordinary magnetic hysteresis cycle is
notable, and is indicative of something different than a straight
line law, like Ohm's law, in the tube -circuit . In fact, it would
seem that the law connecting the current and potential in a circuit
of this kind is that of the ordinary saturation curve .
Fic. 9 .
20
1
16
I -
Z
14
a
U
12
0
Q
10
16
6
-ISO
2a
l0
24 20
32
12
	
14 16
36 40
18 20
[J . F. I.
.M
. and W . tube.
Curve E. Plotted potential against time .
Curve I . Plotted current against time_
Curve E-I . Plotted current against potential
.
Scales: so divisions= 78 volts primary or 43 .200 volts secondary .
,o divisions - 6, milliamperes .
38 divisions = half cycle or
rda
second .
Maximum potential = 80,000 volts .
Maximum current =
52
milllamperes .
3. The area enclosed in this loop is a measure of the energy of
ionization . We may call the curve, if we like, an ionization
hysteresis loop .
4. The energy which goes into ionization in the hydrogen tube
is apparently a greater percentage of the total energy supplied
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than in the M. & W. tube. Roughly sp ng ' is
about
40 per cent. of the energy snpliediwa
goes into ionization, as against about 29 .7
of the \l. & W. tube . This may acernm e t that more
FIG. 10.
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heat appears during operation in the latter case 4hs in the former.
5. The arrows show the direction in which the loops are traced
and indicate that there is an ionization potentiitl .distinct from
the running potential However, it is nothing of dhrordetthat is
generally supposed . In the plot of Fig. 9' the descending and
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ascending parts of the loop actually cross each other. This may
he due to errors in measurement or possibly to the complexity of
the gas in the M. & W, tube. In any event, the values of the
potential needed to maintain any particular current are not widely
divergent for the two sides of the loop .
In conclusion, it should again be pointed out that it is not
best to carry interpretations too far at the present stage of the
work. Certain errors are known to exist.
i . The plots represent an average over several half cycles . If
the speed of the rotor changes, the apparent length of the cycle
on the film will be altered in proportion and corrections must be
made in measuring the ordinates .
2 . If two films are used in two different holders involving two
different frictions, another correction must be made to obtain
corresponding ordinates before subtracting one from the other .
3 . The arcs in the rectifying switch are not accurately set and
involve gaps of varying lengths . These produce oscillations which
make measurement difficult .
4. Finally, it should be stated that the curves shown here are
for only three specific instances . However, other curves have been
taken and plots made and they exhibit the same general charac-
teristics .
A switch is now under development which will eliminate
entirely all spark gaps in the secondary circuit . With this com-
pleted and in operation, most of the oscillations will be omitted
and new plots can be made from a single exposure and for single
cycles which will he dependable . In addition to investigating
the characteristics of various tubes, it is hoped to also continue
the investigation to determine the properties of spark gaps in
general . Several other problems have been suggested to the
writer during the course of the work and these, together with
further results, will be reported at some future time .
This work is the outcome of research started last year in a
slightly different field at the University of Pennsylvania . The
work has been carried forward under the direction of Mr. H .
Clyde Snook, to whom I am greatly indebted for many valuable
suggestions and a large part of the apparatus used .
June,
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Alite the Chief Constituent of Portland Cement Clinker.
E . JANEcKE . (7, . Anorg. Client ., lxxxix, 355-)-Alite,
the mixture
of composition, SCaO, AU),,, 2Si0„ was found to possess a maxi-
lnucn melting-point, 1385° C ., in the ternary system, Ca0-A1,0,-
SiO_, and it therefore probably represents a definite compound .
It has a specific gravity 3 .035, refractive index 1 .63, and hardness
7 on Mob's scale . The substance known as alite, which crystallizes
from cement clinker, exhibits all the properties of the above com-
pound, and it is maintained, mainly on optical grounds, that the sub-
stances are identical .
Sugar Beet in Canada . F . T. SHUTT . (Report of Dep. of
Agile., Canada,
1913
. 242,)-Very satisfactory results have been
obtained showing that sugar beets may be grown in widely distant
parts of Canada . The highest sugar content, 17.86 per cent ., was
reached at Lethbridge, Alberta . and the lowest, 13.40 per cent., at
Brandon, Manitoba, and at three of the experimental farms it
averaged
17
per cent ., the purity of the juice being over 9o° .
Wireless Telegraphy . (B)itish Patent 27,180 of
'Q'3
.)-A
method of eliminating atmospherics, due to Marconi's Wireless Tele-
graph Company, Ltd., and H. J . Round, is described . The atmos-
pherics aimed at are those which cannot ordinarily be tuned out .
A receiving circuit slightly out of tune with the signal waves is
employed, so that the induced free and forced oscillations are of
suitable relative frequency to produce heats . These beats are recti-
fied, and the detecting circuit is tuned to their frequency .
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